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1.制备了二氧化锰复合空心碳球材料 HCS/MnO2。将 HCS/MnO2 与硫复合作
为硫正极材料，结果显示 MnO2 可以有效提高电池的循环性能。HCS/MnO2-S 在
0.5 A·g-1下循环 100圈后放电容量稳定保持在 627 mAh·g-1，容量保持率为 53.8%；
而对比材料 HCS-S 的稳定容量和保持率只有 532 mAh·g-1 和 46.1%。 
2.制备了氧化锰复合碳纳米管材料 CNTs/MnO。将 CNTs/MnO 与硫复合作为
硫正极材料，结果显示 MnO 可以有效的提高电池在高电流密度下的初始容量，
并且主要影响了放电反应中可溶性多硫化物的还原过程。在 5.0 C 下
CNTs/MnO-S 的初始放电容量为 716 mAh·g-1，而对比材料 CNTs-71%S（S 含量
一致）和 CNTs-88%S（C/S 比一致）则分别只有 589 mAh·g-1 和 415 mAh·g-1。 
3.使用还原石墨烯替代碳纳米管作为碳骨架，制备了氧化锰复合石墨烯材料
rGO/MnO。将 rGO/MnO 与硫复合作为硫正极材料，结果显示 rGO/MnO-S 和
CNTs/MnO-S 的电池表现较为近似，但是由于较高比表面的 rGO 使复合材料的
形貌更为均匀稳定，因此 rGO/MnO-S 的性能稍好于 CNTs/MnO-S。在 5.0 C 下，
rGO/MnO-S 的初始容量为 758 mAh·g-1，略高于 CNTs/MnO-S（715 mAh·g-1）。 
4.制备了 MnO 含量不同的几种 CNTs/MnO，分别按照同样的 C/S 比与硫复
合作为硫正极材料，相互进行对比；又制备了 MnO 含量不同的几种 rGO/MnO，
分别与相同含量的硫复合作为硫正极材料，也相互进行对比。两个系列的测试结
果都显示出，MnO 含量在较低水平时材料倍率性能较差，而 MnO 含量提高到一
定水平后（约 40%）倍率性能不再有明显的继续提升，这种变化关系可能是材料


















With high theoretical energy density, lithium sulfur (Li/S) battery has been 
regarded as a representative of advanced energy storage systems in the future, and the 
cathode material is the key field of this system. In this work, differing from the 
common sulfur/carbon materials, manganese oxides have been studied for the 
application in the cathode materials of Li/S batteries. The main content are listed as 
follows： 
1. A hollow carbon sphere (HCS) has been synthesized and composited with 
manganese dioxide (HCS/MnO2). HCS/MnO2 has been used as a sulfur host, and the 
reuslts have indicated that MnO2 could effectively improve the cycling performance. 
At 0.5 A·g-1, HCS/MnO2-S has remained a capacity of 627 mAh·g-1 and a retention 
rate of 53.8%, while there were only 532 mAh·g-1 and 46.1% for the contrast HCS-S. 
2. Commercial carbon nanotubes (CNTs) have been composited with manganese 
oxide (CNTs/MnO). CNTs/MnO has been used as a sulfur host, and the reuslts have 
indicated that MnO could promote the intial discharge capacity at high current density, 
as well as MnO has mainly influenced the reduction of soluble polysulfide. At 5.0 C, 
CNTs/MnO-S has presented a 1st discharge capacity of 716 mAh·g-1, while there were 
only 589 mAh·g-1 and 415 mAh·g-1for the contrast CNTs-71%S (with same S loading) 
and the contrast CNTs-88%S (with same C/S ratio). 
3. Instead of CNTs, a reduce graphene oxide (rGO) has been synthesized and 
composited with manganese oxide (rGO/MnO). rGO/MnO has been used as a sulfur 
host, and the reuslts have indicated that the performance of rGO/MnO-S was similar 
with CNTs/MnO-S, but rGO/MnO-S performed slightly better due to the moren 
uniform morphology. At 5.0 C, rGO/MnO-S has presented a 1st discharge capacity of 
758 mAh·g-1, which is a little more than that of CNTs/MnO-S (716 mAh·g-1). 
4. Several kinds of CNTs/MnO composites that differ in MnO content have been 
prepared and used as sulfur hosts in contrast with each other, keeping a same 















content have been prepared and used as sulfur hosts in contrast with each other, 
keeping a same sulfur loading. Both the two series of tests have shown that the rate 
performance was not so good when the MnO content was low, and got better with the 
increase of MnO content, and then no longer improved obviously when the MnO 
content has reached a certain level (about 40%). Such correlation between the rate 
performance and the MnO content might result from the comprehensive effects of  
the conductivity and the impact of MnO. 
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 图 1.1 电池的内部组成结构示意图 












































 图 1.2（a）锂硫电池示意图和（b）几种典型正极材料的理论比容量对比 
Fig. 1.2 (a) Schematic of Li/S battery and (b) comparison of  



















（vs. Li+/Li），大约为传统锂离子电池工作电压的 1/3-2/3，然而单质 S 的理论比
容量高达 1675 mAh·g-1（按 S 与 Li 反应生成 Li2S 计算）[17]，是目前已知的固体
正极材料中最高的，约为现有锂离子电池体系的 3-5 倍；此外，其理论质量比能





华，熔点在 110 ̊C-120 ̊C（不同晶型的熔点有差异）之间，沸点为 444.6 ̊C；不溶
于水，微溶于极性有机溶剂如乙醇、四氢呋喃等，易溶于非极性溶剂如苯、CS2、







图 1.3 典型的锂硫电池放/充电的电压变化曲线[22] 



















I：从固体单质 S8 分子到可溶的 Li2S8 的固-液两相还原反应，电极反应如式（1）
所示，该区域在放电曲线上表现为电位区间 2.2-2.3 V 的第一个放电平台。在这
一过程中，生成的 Li2S8 溶解到电解液中，在正极表面留下了许多空位。 
S8 + 2 Li
+ + 2 e- →  Li2S8                             (1)  






Li2S8 + 2 Li
+ + 2 e- → Li2S8-n + 2 Li2Sn         			 		 (2)  





1.3 中箭头 1 所标示的放电曲线上的极化峰。 
2 Li2Sn+ (2n-4) Li
+ + (2n-4) e- →  n Li2S2      									(3)  
Li2Sn+ (2n-2) Li
+ + (2n-2) e- →  n Li2S   									   (4)  
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